Objectives: Present the method used to elaborate and formalize current scientific knowledge to provide physicians with tools available on the Internet, that enable them to evaluate individual patient risk, give personalized preventive recommendations or early screening measures. Conclusions: Integration of current scientific knowledge is an important process. The delay between the moment new information arrives and the moment the practitioner applies it, is thus reduced.
Introduction
The number of recommendations for clinical practice is increasing steadily. An English study [1] conducted at Cambridge and Huntington, identified 855 different recommendations between 1989 and 1997. While the number of recommendations is very high, their application in daily practice is still limited. A considerable barrier has been the media chosen for communicating information [2] [3] [4] . However, new information and communication technologies can partially help to reduces this barrier.
Recommendations from scientific companies or state agencies, such as the Agence Nationale d'Accréditation et d'Evaluation en Santé (ANAES) [5] in France, are accessible via the Internet and thus are available to anyone at any time. However, this availability alone can not promote their use. In fact, the time required to access the information may exceed the time involved in a doctor's appointment. Further, the information is presented in a way that often does not suit the needs of the physician. The physician expects an answer to a precise question concerning a given patient.
Mortality and morbidity risk data is often presented in tables for a specific group of people. The Internet medium makes it possible to provide this information in a more suitable form.
Furthermore, it is possible to produce adjusted risk estimations by using variables (such as age, sex, blood pressure) to personalize risk estimate. Quick access to personalized risk estimations will be helpful to general practitioners in their daily practice.
The aim of the EsPeR (Personalized Estimation of Risk) project is to provide physicians with Internet tools enabling them to better evaluate their patients' individual risk of death and/or risk of morbidity for prevailing diseases among the French population. It also aims to support the selection of feasible, useful, and proven screening and prevention measures against colorectal cancer, breast cancer, cardiovascular diseases and other diseases. The originality of our project is to propose personalized estimates and guidelines as well as to make use of the Internet to quickly update them as new scientific information becomes available.
We have presented the calculus method and the use of the personalized estimate of the probability of death within EsPeR in a precedent paper [6] . As a first step in a more global personalized prevention strategy, the analysis of personalized estimates of death probabilities will be used. The prevention strategy takes personalized morbidity risk into account. Mortality and morbidity risks should be considered jointly using the rules of heuristics to predict risks of disease. Once the risk has been established, an individual screening program is suggested.
In this article, we will focus on the personalized morbidity risk and will present the methods used to:
• elaborate the scientific evidence to make recommendations
• quickly update such recommendations according to current scientific data
• formalize knowledge in order to inform physicians about the scientific validity of information.
The case of colorectal cancer (CRC) prevention is used to illustrated the approach taken when scientific information does not allow a precise evaluation of absolute or relative risks.
Methods

Sources and selection of information
Research for information concerning risk factors, preventive measures and screening recommendations is conduced by first checking the Medline bibliographical database and then carrying out complementary Internet searches. Examples of information found in Medline are original articles, synthesis reviews, and meta-analyses. In addition, supplemental research is carried out by examining bibliographies of relevant articles and by studying the information available from expert groups. In this case, the information from expert groups working with the EsPeR project. Finally, documents from scientific companies and state agencies are referenced to systematically.
The search generally yields an important number of documents, not all of which will be used for the analysis (Fig. 1) . Some may be rejected directly for several reasons: they do not directly concern the subject matter, they are redundant, or scientific information was not current. For the remaining material, a systematic evaluation of the interest and validity of the results is carried out. A critical analysis of each document acquired in this manner enables physicians to evaluate the quality of the methodology and the level of scientific evidence. This critical analysis complies with the procedures published in 1993, in a series of JAMA articles by the Evidence-Based Medicine Working Group under the title "Users' guides to medical literature". See reference [7] for the first of the article series.
There is no time-limit for researching this information. It is a continuous process since recommendations updates must necessarily reflect current knowledge.
Development of recommendations
The development of recommendations must be based on a regular critical analysis of current scientific data to assure that the most current scientific evidence is incorporated.
Critically analyzing the literature means that a limited number of documents are used to develop recommendations.
To enable physicians to consider risk factors and select preventive or early screening methods, scientific evidence is analyzed (Fig. 2 ) using qualitative meta-analyses. Once predictive factors are determined, similar risk levels are established in order to regroup the various subgroups of people according to their characteristics. Then, having identified the various preventive or early screening methods, care personalized are developed and personalized to each subgroup.
During each phase, the analysis is validated and reevaluated by a group of field experts .
Formalization of scientific knowledge
Physicians must be informed about the scientific validity of the information given in order to optimize their decisions. In accordance to that objective, the knowledge representation selected was to model the personalized risk estimation and the recommendation for clinical practice guidelines. The classification proposed by the ANAES (table I), based on Evidence-Based Medicine rules, was used to realize this.
Personalized risk estimation is modeled using different levels of evidence (between 1 and 5). The evidence levels are used to rank the validity of the work being studied according to its intrinsic methodological quality. For example, the result of a large randomized comparative trial study offers a level of evidence higher than that of a small randomized comparative trial showing uncertain results. Recommendation for clinical practice guidelines is modeled using different grades of recommendation (between A and D) which are based on different levels of evidence. In absence of scientific evidence, the lowest degree, level D, corresponds to strong professional agreement. Therefore, each personalized morbidity risk estimation and care recommendation suggested to the physician is given in text form with a structured message assessing its scientific validity.
Implementation of recommendations
In order to implement recommendations for clinical practice guidelines, it is necessary to organize the patient's data (i.e clinical characteristics of a patient such as age, sex, family history, etc.). Several knowledge representations models have been described [8] [9] [10] [11] [12] . We have selected the GLIF (GuideLine Interchange Format) model [12] for several reasons:
• GLIF is an object-oriented model and is relatively standardized. It uses elements common to four American decision making systems and has some similarities to the model stemming from European projects [11] ; • The algorithmic shape of the GLIF guidelines makes their execution easier to understand by clinicians;
• GLIF enables the documentation of the guidelines which allows the addition of complementary user information (explanations, examples, etc.);
• It does not depend on the language used for implementation;
• It is flexible and can easily be implemented.
Application to colorectal cancer screening
Choice of field
Colorectal cancer (CRC) is a highly prevalent disease. In France, CRC holds a considerable place in terms of incidence and mortality. It is ranked 3rd among men after prostate and lung cancer, and 2nd among women after breast cancer [13] . In France, the probability of having CRC in one's lifetime is 5.7 % for men and 5 % for women [13] , or 5 % for either sex [14] .
Numerous epidemiological studies have enabled us to suspect a certain number of risk factors even though no equation to predict the occurrence of the disease has yet been established, such as the Framingham equation for cardiovascular [15, 16] diseases or the Gail equation for breast cancer [17] . Yet scientific evidence enables us to classify diseases into risk categories and suggest certain preventive and early diagnostic measures.
Collection of scientific information
We have checked Medline over the period from January 1, 1990 to September, 31 2000.
2528 articles have been found in English and French (including all researches and some repetition) by using the keywords: neoplasm, colorectal, colorectal neoplasm, screening, risk, risk factors, prevention, guidelines, and practice guidelines. The process shown in 
Estimating the risk of colorectal cancer
Predictive factors of colorectal cancers
The chief predictive factors of CRC are shown in table III. They are grouped according to types of action (risk or protective) and their effects (considerable, moderate, minor).
Scientific evidence of predictive factors is also specified.
Level of risk for colorectal cancer
Based on the information concerning the predictive factors of CRC, we have established a classification similar to that resulting from scientific opinions [18] and academic societies [19, 20] . Thus, we were able to distinguish 4 levels of risk for CRC: low-risk, medium risk, high risk and very high risk (they are detailed in table IV). Scientific evidence allowing the set up of these sub-groups has been formalized by attributing a level of evidence (see also table IV).
Health Measures
Medical literature shows 5 categories of health measures. Their implementation is based on specific criteria of application. The first category is a preventive measure. The remaining four are screening measures.
Hygieno-dietetic rules: Vegetable fibers, oxidizing agents and physical activity have a protective effect against CRC. However, scientific evidence does not enable us to give precise advice for implementing such recommendations, for example, recomending standard diets. The two recent randomized studies have identified a lack of effect in using a standard diet in risk cases of recurrent colorectal adenomas [21, 22] .
Faecal-occult-blood screening:
General population studies have shown that conducing faecal-occult-blood tests every 2 years reduce CRC mortality [23, 24] . However, the effectiveness is based on strong participation by the population as well as on their acceptance of further examinations should the test be positive. However, even so, the number of avoided CRC cases is small [25] . It does not seem desirable to propose this test unless it is part of mass screening campaign.
Endoscopic tests: Endoscopic test involve colonoscopy and sigmoidoscopy using flexible tube. One limiting feature of the latter method is that it only explores a part of the colon. In France, a colonoscopy is generally conduced right away. This has the advantage of enabling physicians to conduct biopsies and carry out further technical examinations and procedures. No work has been conduced directly studying the effectiveness of the colonoscopy as a screening method for CRC mortality. The evidence is indirect as it is based on demonstrations showing that detection and ablation of polyps reduces the incidence of CRC [26] .
Conventional imagery:
The place held by double-contrast barium enemas remains controversial. Such an enemas is prescribed if the patient refuses a colonoscopy or if the colonoscopy is incomplete.
Numeric image: The creation of "virtual colonoscopies" has opened new screening perspective [27] . This type of examination is based on the 3-D reconstruction of the colon through scans. Though the process is sufficiently sensitive (over 80 %) to detect 6 to 10 mm polyps [28] , there is still an insufficient amount of evidence in terms of success and effectiveness to recommend its systematic practice.
Development of recommendations
The clinical practice guidelines we have developed are presented in table IV. Each recommendation is shown with its grade in order to formalize the scientific evidence that characterizes it.
This guide is comparable to those established by the Société Nationale Française de Gastroentérologie and the Fédération Nationale des Centres de luttes contre le Cancer [18] , the American Cancer Society [19] and the American Gastroenterological Association [20] (exceptions are the use of faecal-occult blood tests and the flexible sigmoidoscopy).
Using the EsPeR server
The information technology implementation of the clinical practice guideline enables physicians to quickly obtain personalized information for their patients, as presented in the clinical example below:
Clinical example: Mr. E., 55 years of age, consults his general practitioner for a cough accompanied by fever (temperature up to 39.5°C). The first signs appeared three days before. Mr. E. has never had particular lung or cardiovascular problems. The clinical examination favors an acute bronchitis and the physician prescribes the appropriate treatment. Through other questions, the physician learns that Mr. E has an uncle who has had colon cancer. Also, a (or some) digestive polyp(s) have been found in one of his brothers who is 58 years of age. Mr. E. shows no CRC respective digestive symptomatology and the examination results are normal. Mr. E. has never been prescribed an endoscopic colon detection examination.
EsPeR Server: On the server's home page, the physician fills out a form indicating some clinical information concerning Mr. E (age, sex, etc.). He then checks the risk prediction module and healthcare recommendations. The information given earlier is taken step by step until enough information has been obtained to present a recommendation for care. Another link gives access to the "For further information" module. This module gives formalized information in terms of the evidence level used to allow a recommendation to be made. The major publications in the field are cited. Further links are available to enable the user to access electronic versions of the summaries directly or to complete versions of the texts using the Internet.
Discussion
The interest of the EsPeR server is based on making current scientific information available through the Internet. The information is formalized so that all physicians can take the scientific level of evidence into account and directly find answers to questions about the estimated risk and the health actions useful for the patients. Due to its cyclic aspect and that its interaction with experts in the field, the method enables physicians to quickly take current scientific information into account in order to update their recommendations. The delay is thus reduced between the arrival of new information and the moment the practitioners apply it.
The formalization of knowledge is, of course, important to give a clear, easily understood message. A free text formulation of the estimated risk or of the clinical practice guidelines is not precise. Also, the use of qualifying adjectives could result in an ambiguous message.
Furthermore, there is no information for the scientific validity of this knowledge. To avoid this subjectivity, it's important to code the knowledge. Also, the use of standard classification is preferable. In accordance to do this, we have used the classification proposed by the French agency ANAES which is based on proposals established by the Evidence-Based Medicine Working Group.
A physician can consult the server to quantify a risk for a given patient. The estimation of this risk can often be expressed in two different forms: quantitatively in terms of probabilities, provided there is a predictive model; or, qualitatively in form of a level of risk. To date, no statistical model, such as the Framingham [15, 16] equation for cardiovascular pathologies and the Gail [17] model for breast cancer, exists for CRC enabling physicians to estimate the probability of getting the disease according to quantifiable risk factors. Besides not being able to extrapolate from results obtained by a model developed on the statistics of a different population, it is difficult to establish a recommendation based on a limited probability estimate. In other words, the care recommended for a patient whose risk of CRC is estimated at 38% would do not differ from the care recommended for a patient whose risk is estimated at 32%. Even if the information is found to be less helpful in terms of the estimated risk, building up a level of risk allow physicians to maintain a certain clinical coherence.
The EsPeR server also gives quantified information about the mortality of a certain disease according to the age, sex, geographical group and socio-professional category of a given patient [6] . This information, coupled with the relative risk from epidemiological studies, can be used to identify a basic risk and thus obtain an idea of the relative importance of the various risks of the pathology. It is then possible to suggest a gradation of a patient's risks for the disease to the physician and allow access, through links, to specific risk prediction modules and recommendations for care.
The EsPeR server is being developed in collaboration with a group of general practitioners.
The aim of this evaluation is to optimize the user interface and to solve technical and cultural problems that could become an obstacle to a wide-spread use of the server. An evaluation of the server's effectiveness in terms of physicians' behavior must also be carried out. Although quantitative results are not yet available, the general practitioners tend to believe the server would help them in their daily practice. Important work has been done to produce easily understood information and to adapt tools to expectations placed upon them, as well as to reduce the time of Internet connection.
Finally, it remains necessary to evaluate the impact on people's state of health to fully measure how the system contributes to the decision-making process.
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